[Abstract] The photothrombotic model of stroke is commonly used in research as it allows the ischemic infarct to be targeted to specific regions of the cortex with high reproducibility and well-defined infarct borders. Unlike other models of stroke, photothrombosis allows the precise size and location of infarct to be tightly controlled with minimal surgical invasion. Photothrombosis is induced when a circulating photosensitive dye is irradiated in vivo, resulting in focal disruption of the endothelium, activation of platelets and occlusion of the microvasculature (Watson et al., 1985; Dietrich et al., 1987; Carmichael, 2005) . The protocols here define how photothrombosis can be specifically targeted to the sensorimotor forelimb cortex of rat with high reproducibility. Detailed methods on rat cortical tissue processing to allow for accurate analysis of stroke volume and stereotactic determination of the precise cortical region of ischemic damage are provided.
Procedure
A. Solution preparation 1. Prior to beginning the surgical preparation make rose bengal solution (Recipe 1) to 100 mg/ml in sterile saline.
Note: Ensure that the solution is not exposed to light and that the powder is not exposed to light during storage or while making the solution. Rose bengal solution should be made fresh prior to injection.
B. Anesthetic and surgical preparation 1. Weigh animal and record weight.
2. Place a rat in an anesthetic induction chamber.
3. Adjust the oxygen flow rate to 1.5 L/min and adjust isoflurane vaporizer to 3%, gradually increase isoflurane to 5% over 2 min. 4 . Once the animal losses righting reflex, stop gas flow to the chamber. 5 . Rapidly remove the rat from the induction chamber and place in anesthetic mask or nosecone.
6. Immediately redirect flow to an anesthetic nosecone, reduce oxygen flow rate to 0.3-0.4 L/min, then set nitrogen flowmeter to 0.6-.08 L/min and reduce the isoflurane to 1.5 to 2.0%.
Note: We use 1.5-2.0% isoflurane (in 70% nitrous oxide and 30% oxygen) at a flow rate of 1 L/min to maintain anesthetic plane in 500 g rats. Anesthetic and inhaled gas choices are important to consider when inducing stroke as oxygenation and vasoconstriction can alter the size of induced stroke.
7. Ensure the animal is in surgical plane of anesthetic as evident by a loss of reflexes, muscles relaxation and deep rhythmic breathing in accordance with IACUC protocols.
8. Ensure body temperature is maintained at 37 °C with a rectal temperature probe and a heating pad.
9. Apply ophthalmic ointment to both eyes to prevent damage to the cornea, and reapply every 15 min or as needed. 10 . Remove hair from the surgical field on the rat scalp from the ears to the eyes by cutting hair at the root right next to the skin with a pair of sterile surgical scissors or fur can be shaven with an electric razor.
11. Prepare skin with Betadine ® surgical scrub.
C. Thin window of the skull 1. Mount the animal onto the stereotaxic device ( Figure 1A ). 4. Focus the surgical area under an animal surgery stereo microscope at 5x.
5. Induce an incision line block with 0.25% Bupivacaine (do not exceed 8 mg/kg).
6. Make a 1 cm incision over the skull midline (Figure 2A ), superior to the ear and inferior to the eyes.
7. Expose the skull by retracting each side of the incision away from the midline.
8. Bregma can now be easily located ( Figure 2B ), if you have difficulty locating bregma gently push on the skull plate and the sutures will become obvious as they shift under mild pressure.
9. Mark the stereotaxic coordinates which overly the preferred forelimb sensory motor cortex ( Figure 2C ) at the following points relative to bregma (0,0): (1,3), (1,-1), (4, 3) and (4,-1)
10. Thin the skull in a rectangle between the marked coordinates ( Figures 2D and 2E ), 1-4 mm lateral; -1 to +3 mm anterior of bregma, using a surgical drill with endodontic electronic motor system set to a speed of 5,000 rpm fitted with a dental handset fitted and rounded carbide bur drill bit designed for cutting. The skull should be thinned to a thickness of 0.1 mm uniformly over 3. Wait for surgical plane to be reached then secure animal on its back to a perfusion tray set at 85° ( Figure 4A ).
4. Locate the xiphoid process following the xiphoid plane make a transverse incision through the integument and abdominal wall following just beneath the rib cage.
5. Make an incision through the diaphragm using blunt-ended scissors and continue the incision along the entire rib cage exposing the pleural cavity.
6. Make sagittal incisions through both sides of the rib cage, ensuring not to damage the heart or lungs.
7. Lift and pin the rib cage to reveal the coronal chest and release the heart of any attachments to the chest cavity ( Figure 4B ). 8. Using a hemostat, grip the apex of the heart and insert a blunt ended 16-gauge needle through the left apex, continue insertion into the left ventricle ( Figure 4C ).
Note: It is important to ensure that the needle does not extend past the aortic arch.
9. Make a small incision in the right atria to release fluid pressure and start primed peristaltic perfusion pump at 70-100 ml/min ( Figure 4D ). 2. Create a midline incision spanning the skull and remove all skin to reveal the whole skull.
3. Insert a rongeur into the void where the cervical vertebra has been detached sliding it along the occipital skull.
4. Cut through the occipital skull and pull the bone away from the hindbrain, repeat on the other side.
5. Insert a blunt scissor under the skull along the midline, cutting the skull at the midline.
6. Peel each half of the skull away from the brain. and leave tissue for 3-4 days at 4 °C until the brain is no longer buoyant in solution.
3. Remove tissue from solution (tissue will be stiff and white in color).
4. Cover the brain with a thin layer of OCT freezing media.
5. Submerge the brain in 2-methylbutane solution chilled to -50 °C.
6. Leave the brain submerged for 1 min to ensure the brain is frozen throughout. 2. The Stroke region can be visualized with a setting for an applied counterstain, immunolabel or in some cases autofluorescence in the FITC emission spectrum can be used to effectively define the stroke borders. In unstained tissue, the stroke border can be determined using the light differential interference contrast or light-DIC setting.
3. Using microscope software set up parameters to collect tile scan images encompassing the For each coronal slice spanning the lesion, use a rat atlas to determine the y coordinate of the slice ( Figure 7A ).
2. Determine the two x coordinates of the stroke boundaries at the established y coordinate ( Figure   7A ).
3. Plot the coordinates on a grid ( Figure 7B ).
4. Once all the points are plotted, they can be joined to create an outline of the stroke area ( Figure   7C ). 5. An average topographical map of the stroke area can be created by averaging the stereotactic x coordinates for each y coordinate of the stroke boundaries or the stroke areas can be overlaid to show constancy of infarct size and stereotaxic location.
6. The acceptable location of stroke should be predetermined and animals which have strokes outside of the accepted margins should be removed from the study (see Data analysis).
Data analysis
1. Photothrombotic stroke is highly consistent in volume and location of infarct. We performed n = 52 strokes in male Sprague Dawley Rats and found an average stroke size of 4.424 mm 3 with a standard deviation of 0.316 and standard error of 0.0432 ( Figure 8A ). We would recommend excluding animals with a stroke volume outside of 3 standard deviations from the mean stroke volume.
2. When the topographical representations of all 52 strokes are overlaid, it becomes clear that the location of stroke in the cortex was very constant ( Figure 8B ). The average stroke topographical map can be created by averaging the x and y coordinates at each point. We would recommend excluding any animal which has coordinate 2 mm away from the average coordinate at any location.
3. When comparing the stroke size between different groups, we used a student's unpaired twotailed t-testing to determine if the stroke volumes between groups were significantly different. 
Notes
The photothrombotic stroke model is very reproducible, such that none of the 52 animals given strokes in our study had to be excluded for having strokes volumes more than 3 standard deviations away from the mean. All of the animals receiving strokes in our study showed significant behavioral 
